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Abstract  
Investors in stock markets under react to oil price changes in the short run. As a consequence changes in oil 
prices predict future stock market and exchange rates returns. Recent volatility in crude oil prices has affected 
economies around the world, especially the US, which is the largest consumer of oil. This paper uses monthly 
crude oil, stock indexes and exchange rates prices data from April 2003 until December 2014 to test and model 
the international markets’ volatility in both emerging and developed countries. Trivariate BEKK GARCH (1, 1) 
model and statistical tests show several co-movements and interactions between international stock markets, 
exchange rates and crude oil. 
Keywords: volatility spillovers, international markets, Granger causality test, variance decomposition, Trivariate 
GARCH BEKK (1, 1).  
 
1. Introduction 
The recent surge in crude oil prices over the recent past years has generated a lot of interest in the relationship 
between oil prices and financial markets. By the June of 2008 spot oil prices had risen to $133.93 per barrel. 
Over this same time period, the US dollar fell against other major traded currencies and emerging market stock 
prices rose. Because there exists a literature on the relationship between oil prices and stock prices, and a 
separate literature on the relationship between oil prices and exchange rates, the relationship between these two 
streams has, however, not been that enough studied. 
 The purpose of this paper is to use a Trivariate BEKK GARCH (1, 1) model to bring these two 
literatures together. Understanding the relationship between oil prices, exchange rates and stock market prices in 
both emerging and developed countries is an important topic to study because as emerging economies continue 
to grow and prosper, they will exert a larger influence over the global economy. China, for instance, is 
accumulating large reserves of foreign currency (mostly US dollars) and this will make it a bigger player in the 
world financial markets. Some estimates place China’s reserves of foreign exchange and gold at $2.206 trillion 
as of December 2009. Managing this amount of money and protecting its store of value will mean that China 
will have a greater influence over global financial capital markets. At these growth rates, the Chinese economy 
will double every 9 years and the Indian economy will double every 10 years. While the demand for oil in 
developed economies is declining slightly, the demand for oil in emerging economies is rapidly growing. Indeed, 
as mentioned in Quéré, Mignon and Penot (2007), China accounted for one-fourth of world incremental oil 
demand over 1995-2004 and one-third in 2004. 
As Jones, Leiby and Paik (2004) stated “Ideally, stock values reflect the market’s best estimate of the 
future profitability of firms, so the effect of oil price shocks on the stock market is a meaningful and useful 
measure of their economic impact”. However, it is surprising that little research has been conducted on the 
relationship between oil price shocks and financial markets. Few studies have examined the effects of oil shocks 
on the stock market and exchange rates. Although changes in the price of crude oil are often considered as an 
important factor for understanding fluctuations in stock prices, there is no consensus about the relation between 
stock prices and the price of crude oil. While there is a strong presumption in the financial press that oil prices 
drive the stock market, the empirical evidences on the impact of oil price shocks on stock prices have been 
mixed. Chen and al (1986) argue that oil prices do not affect the trend of stock prices, while Jones and Kaul 
(1996) present evidence that favors a negative association. This negative relationship, however, does not receive 
support by Huang and al (1996) and Wei (2003). Motivated by the possible interdependencies between oil, stock 
markets and exchange rates in both emerging and developed economies, our investigation is organized as follow: 
we will present a literature review, some statistical tests’ results and the estimated coefficients for the variance-
covariance matrix of Trivariate BEKK Model. The last section concludes. 
 
2. Literature review  
Bloomberg and Harris (1995) provide a good description, based on the law of one price, of how exchange rate 
movements can affect oil prices. Crude oil is fairly homogeneous and internationally traded. Akram (2009) finds 
that a weaker dollar leads to higher commodity prices. Current observations suggest that oil prices and exchange 
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rates do move together. Ultimately, the relationship between these two variables can only be resolved through 
empirical studies. Ibrahim, Tuhran and al (2012) examined the dynamic relationship between oil prices and 
exchange rate of selected emerging economies. Ojebiyi and Wilson (2011) analysed exchange rate volatility 
through an analysis of the relationship between the Nigerian Naira, oil prices and US dollar. Results show that 
there is a weak/negative relationship between exchange rate and oil price. Basher and al (2010) investigated the 
dynamic relationship between real oil prices, exchange rate index for major currencies, emerging market stock 
prices, interest rates, global real economic activity and oil supply. Results show that oil prices respond positively 
to positive shock in emerging stock markets, while respond negatively to the positive shock. McKillop (2004) 
and Jin (2008) argued that an increase in oil prices result in the fluctuation of exchange rate. As a consequence, 
volatile exchange rates make international trade and investment decisions more difficult because it increases 
exchange rate risk. Jin (2008) and Coudert and al (2008) suggest a mixed literature on the causality between the 
two variables. A recent example was the dramatic drop in the price of crude oil in the wake of the global 
financial and economic crises. The price of oil fell by about two thirds from its peak of $147.0 per barrel in July 
2008 to $41.4 at end-December 2008. Vast literature exists on the causal relationship between exchange rate and 
other variables in the developed and developing economies. Koranchelian (2005) and Zalduendo (2006) show 
that oil prices play a significant role in determining the equilibrium real effective exchange rate of Algeria and 
Venezuela. Korhonen and Juurikkala (2007) confirm the statistically significant effect of the real price of oil on 
exchange rates. Coudert and al (2008) posited that the oil price variable tends to lead the exchange rate variable, 
thus, the causality runs from the oil price to the exchange rate. Kilian (2009) suggests that oil demand shocks 
exert significant appreciation pressures in oil-exporting economies more than oil supply and global demand 
shocks. Recently, Bodart and al (2012) conclude to a significant long-run impact of the price of a given 
commodity on the real exchange rate. Buetzer and al (2012) confirm that the potential role of oil price changes in 
driving real exchange rates depends on the nature of the oil shock.  
Oil prices can affect stock markets directly by impacting future cash flows or indirectly through an 
impact on the interest rate used to discount the future cash flows. Kaneko and Lee (1995); Hammoudeh and 
Huimin (2005); Huang, Hwang and Peng (2005); Basher and Sadorsky (2006); Henriques and Sadorsky (2008) 
and Park and Ratti (2008) confirm that there is a fairly sizable literature showing that oil price movements affect 
stock prices. While most of the research investigating the relationship between oil prices and stock prices has 
been conducted using developed economies, there is some research looking into the relationship between oil 
prices and emerging stock markets (Hammoudeh and Huimin, 2005 and Basher and Sadorsky, 2006). These 
investigations provide evidence that changes in oil prices affect emerging market stock prices.  Chang, McAleer, 
and Tansuchat (2009) explained the effect of oil price shocks on stock prices through expected cost flows, the 
discount rate and the equity pricing model. Ågren (2006) and Hammoudeh (2007) show that volatility spillover 
occurs when changes in price or returns volatility in one market have a lagged impact on volatility in the 
financial, energy and stock markets. The reaction of stock markets to oil price and returns shocks will determine 
whether stock prices rationally reflect the impact of news on current and future real cash flows. Stock markets 
experienced were extremely bullish from the 1990s onwards. This trend was facilitated by increased access to 
equity markets, the significant development of financial assets and capital mobility, excess demand by investors, 
etc. The subprimes crisis led to large losses for several stock markets: for instance Dow-Jones (6%), CAC40 
(12%), Nikkei225 (16.15%), etc. Recently, Idi Cheffou and al. (2014) did not reject contagion between the US 
and three major European stock markets (Germany, the UK and France) following the investigation of volatility 
spillover. 
Conflicting findings on the relationship between crude oil prices and exchange rates in the hand and 
between crude oil and stock markets motivated us to study co-movements between crude oil, exchange rates and 
stock markets in eight emerging countries and seven developed economies belonging to North and South 
America, Central and Pacific Asia, Africa and Eastern and Western Europe by employing Trivariate BEKK 
GARCH (1, 1) which is able to capture the joint behavior of cross-market linkages.  
 
3. Data 
It covers monthly returns of stock market indices, exchange rates and crude oil for eight emerging countries 
(Brazil, Chile, China, Mexico, Malaysia, Philippines, Russia and South Africa) and seven developed economies 
(Australia, Canada, France, Japan, New Zealand Switzerland and United Kingdom). The period is chosen 
between January 2003 and December 2014. This choice is motivated by the inclusion of two important events: 
the Subprimes crisis and that of sovereign debt in Europe. 
 
4. Multivariate BEKK GARCH (1, 1) Specification 
Investigations of Shamiri and Isa (2009) focused on the multivariate GARCH model with BEKK representation 
to test the transfer of volatility in the financial crisis of 2007 to the stock markets of Southeast Asia. They found 
a spillover effect of the volatility from US to Asian countries. Bensafta and Semodo (2011) introduce breaks in 
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variance in a multivariate GARCH to analyze contagion during crises. Authors emphasize that the bias 
correction of heteroscedasticity conditional correlation allows saying that crises are not always contagious for 
confirming results found by Forbes and Rigobon (2002).  
Engle and Kroner (1995) propose the following specification (model BEKK) 
                                            Ht= C’C + A’εt-1 ε’t-1 A +B’H t-1 B                                                        (1) 
Where C is a symmetric matrix (N×N), A and B are two matrices (N×N). This specification is applied in several 
empirical studies. In particular, it ensures that the variance-covariance matrix is positive. However, the number 
of parameters to estimate for the variance-covariance matrix is very high. It is of the order of N (N+1) /2+ 2N2: 
164 parameters to be estimated for 8 markets. Most studies using a multivariate GARCH specification to limit 
the number of studied assets and / or impose restrictions on the process generating Ht. Bollerslev (1990) and Ng 
(1991) assume that correlations are constant. Bollerslev, Engle and Wooldridge (1988) require diagonality 
condition matrices A and B. This implies that the variances of Ht depend only on the square past residuals and an 
autoregressive term. Covariances depend on the cross product past residuals and an autoregressive term. This 
specification also seems very restrictive because does not take into account the dependence of conditional 
volatilities between markets evidenced particularly by Hamao Masulis and Ng (1990) and Chan, Karolyi and 
Stulez (1992) on data with high frequencies. Engle and Ng (1993), Glosten, Jagannathan and Runkle (1993) and 
Kroner and Ng (1998) found that, in most cases, the effect of a negative shock to the conditional variance is 
greater than that of a positive shock. We adopt the extension below the BEKK specification for capturing 
asymmetric responses of conditional variances and covariances of returns: 
                           Ht= C’C + A’εt-1 ε’t-1 A +B’H t-1 B +S’ ξt-1 ξ’t-1 S + T’ η t-1 η’t-1 T                           (2) 
Where S and T are two size matrices (N×N) such as: 
                                       ξit =  εit Iξit where Iξit = 1 if εit ‹ 0 and 0 otherwise                                           (3) 
                               ηit = εit  Iηit where Iηit = 1 if │ εit │› √hiit  and 0 otherwise                                         (4) 
For the reasons already mentioned, we impose the condition of diagonality for S and T matrices. 
  
5.Statistical tests 
5.1 Unit-Root and Stationarity (Table 1) 
Before studying the links between various markets, ADF and KPSS tests are applied to examine the fixed 
properties of the different series. The null hypothesis is that the ADF test series has a unit root, while the 
stationarity is the null hypothesis in the KPSS test. Thus, we make a KPSS test as confirmatory test results of the 
ADF. But if the results of both tests are contradictory, then the KPSS is preferable. 
 
5.2 Lag Length Selection (Table 2) 
Before running the Granger causality test and variance decomposition analysis, it is first necessary to select the 
order P of lag. The choice of the order depends mainly on information criteria because there are many 
restrictions on the likelihood Ratio Test (LR). If two tests show conflicting results, SBIC is more reliable. The 
results show a lag order equal to unity (holding the SBIC as the most reliable information criterion). 
 
5.3 Granger causality test (Table 3) 
Variable is the cause of another if the predictability of the latter is improved when the information on the first 
variable is incorporated in the analysis. The assumptions are made as follows: • H0: the variable does not cause 
the other. • HA: the variable is the cause of the other. 
In Western Europe, the British and French stock markets unilaterally Granger cause both the respective 
exchange markets as oil. For Switzerland, no sense of causality is recorded between the Swiss Franc and the SMI 
25. Western Europe proves the crude oil’s ability to cause (unilaterally) the foreign exchange market for all 
countries. Eastern Europe shows the absence of causality between the stock market and the Russian Ruble. The 
RTSI index Granger causes crude oil which in turn was able to estimate the Russian currency. Africa highlights a 
one-way direction of causality between the stock market and the South African Rand. It emphasizes that no 
direction of causality is recorded between the stock market and crude oil that causes unilaterally exchange 
market. Central Asia is characterized by the absence of causality between the stock market and the exchange rate 
on the one hand and the Chinese Yuan and the crude oil on the other hand. But, it highlights a sense of 
unidirectional causality and significant at the 5% level from crude oil to Shanghai. Asia Pacific shows that 
Australia and New Zealand recorded a unidirectional causality between the stock market and crude oil on the one 
hand and energy and the exchange market on the other hand. While in Australia, the ASX stock index Granger 
causes the Australian Dollar. New Zealand shows a unilateral causal direction from the Dollar to the New 
Zealander stock market. Japan and Philippines are characterized by the lack of causality between crude oil and 
stock indexes and the respective exchange rates but these are caused by their stock indexes respectively. In 
Malaysia, no Granger causality is detected between the stock market and the Malaysian Ringgit. Crude oil 
causes, unilaterally, exchange market. The KLCI seems able to predict future values of crude oil. In North 
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America, the same sense of causality and the same behavior of the three markets were recorded in Canada and 
Mexico. South America shows that Bovespa index, unilaterally, causes as well the Brazilian Real as crude oil. 
IPSA stock index is caused by the Chilean Peso. A bilateral and significant causality at the 5% threshold is 
recorded between crude oil and the Brazilian Real. Chile is characterized by absence of causality between crude 
oil and stock market on the one hand and the Chilean Peso and the second energy on the other hand. 
 
5.4 Error Variance Decomposition (Table 4) 
One way to determine how important the different exogenous shocks are in explaining the dependent variables is 
to calculate the fractions of the forecast error variance of these variables attributable to the respective orthogonal 
shocks. The central question is: What fractions of these forecast errors are due to the individual shocks? 
With the use of a vector autoregression (VAR), we are able to study the links between financial markets. 
The purpose is to highlight the contribution of each of the innovations to the error’s variance. Heuristically, the 
variance is written to the forecast error at a horizon h (here h is 1 to 10) according to the error variance attributed 
to each variable. The variance decomposition is somewhat more sensitive to changes in the forecasting variables 
which are used. 
In emerging countries, the stock market with higher own forecast error belongs to Brazil, the lowest to 
China. On the foreign exchange market, the highest variance is recorded in Philippines, the lowest in Brazil. For 
crude oil, the greatest value is in China and the lowest in Russia. For developed ones, the stock market with the 
highest own forecast error belongs to France; the lowest is recorded in Australia. On the foreign exchange 
market, the highest specific variance is detected at the Swiss Franc, the lowest in Canada. For crude oil, the 
greatest value is in New Zealand and the lowest in Canada.  
Variance decomposition of own crude oil’s error prediction, as part of Western Europe shows that the 
highest value is recorded in Switzerland (90.26%), the lowest in the United Kingdom (not exceeding 67.85% 
from the sixth month): the FTSE 100 index provides 23.65%. The French stock market seems to have the largest 
proper value of the variance; the lowest is registered in Switzerland. Swiss Franc seems to be more capable than 
the Euro and the British Pound to predict its own variance. Eastern Europe shows that crude oil explains only 
55.06% of its own forecast error (42.68% of the variance is explained by the RTSI index). Both the RTSI index 
and the Russian Ruble prove insensitive to shock. Africa shows that the lowest value of specific variance is 
detected in crude oil (72.20%) followed by the South African Rand (83.97%) and the corresponding index 
(99.28%) which appears to be independent of the two other markets. Central Asia highlights that the Chinese 
Yuan has the highest percentage for own variance (97.54%) followed by Shanghai (92.49%) and finally crude oil 
(89.87%). In Asia Pacific, comparing own variance decomposition of the three markets for each of the four 
countries, we find that the crude oil has the highest value at New Zealand (91.32%), the lowest belongs to 
Australia. The Philippine Peso (97.88%) and Malaysian Ringgit (97.75%) appear to have the highest own 
variance in forecasting error; Australia represents the lowest value. The Philippine and the Japanese stock 
markets have the highest own variance values of forecast error. Variance decomposition analysis of North 
American countries reveals that the lowest own variance of crude oil forecast error is registered in Canada, while 
in Mexico, an emerging country, it reached 81.82%. The Mexican Peso explains 97.78% of its own variance, the 
Canadian Dollar provides only 60.86% (36.13% is due to the SPTSX index). IPC and SPTSX highlight their 
ability to predict their own high-level variances of the forecast error. In South America, crude oil records a 
proper value reaching 70.62% in Brazil and 87.77% in Chile. The Brazilian Real explains only 64.04% of its 
own variance (34.03% of the variance is explained by the stock market). The Chilean Peso proves successful in 
correcting its forecast variance (93.97%). Bovespa stock index seems to be more capable than IPC (93.97%) in 
terms of variance’s explanation and prediction. 
 
6.Results and Discussions: TRIVARIATE BEKK  GARCH (1, 1) (Table 6) 
The estimated BEKK-GARCH model can be obtained by substituting the following matrices (example of Brazil) 




                                                              C =  
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In emerging countries, cross volatility coefficient (in average) varies between -0.97 and 0.94. Regarding 
the variance fluctuates between -0.96 and 0.89. For developed countries, the coefficient of cross volatility (in 
average) ranges from -98.67% (stock index of New Zealand to crude oil) and 99.94% (Swiss Franc to crude oil). 
In variance, it varies between -97.84% (Swiss Franc to crude oil) and 99.34% (ASX index to crude oil). In South 
Africa, volatility transmission’s analysis between the three markets shows that there is one-way transmission in 
average from the stock market while it is bidirectional in variance (ranging from -61.54% to 48.70%). 
Bidirectional transmission (on average) is recorded between the stock market and crude oil and unilateral in 
variance from the second. Volatility transmission between the South African Rand and crude oil reveals 
unidirectional transmission in average and variance from the South African currency. In Eastern Europe, a 
bidirectional transmission (in average) between the Russian Ruble and RTSI index is detected and unilateral in 
variance (from the stock market). A unilateral transfer in average is recorded from energy to RTSI. A bilateral 
transmission (in mean) is recorded between the Russian currency and crude oil. In Central Asia, the Shanghai 
and the Chinese Yuan experiencing bidirectional transmission in variance [(B (1, 2) = 38% and B (2, 1) = - 
96.91%)] and unilateral in average from the second [(A (2, 1) = -63.45%)]. Shanghai conveys the volatility (in 
mean and variance) to crude oil. No transmission is recorded between the Chinese currency and crude oil. Asia 
Pacific's own transmission coefficients stock indexes are all significant except that of New Zealand; those of 
exchange rates are significant except Australia. For crude oil, these parameters are only significant in the case of 
Japan, New Zealand and the Philippines. Variance transmission’s coefficients (for stock indices) are significant 
except Australia. As part of the exchange rate, they prove significant in Australia, Malaysia and Philippines. 
Only in Japan, own variance volatility transmission coefficient for crude oil is not significant. Cross-volatility 
coefficients reveal, that except Japan, all stock indices belonging to Pacific convey volatility in average and 
variance to the respective exchange rates. But, they seem not to transmit the shock (in mean) to Japan, Malaysia 
and Philippines. Cross-volatility transmission (in average) reveals that the exchange rate manages to convey the 
shock to crude oil in Japan, Malaysia and Philippines. This energy proves its ability of transferring volatility to 
Malaysia, New Zealand and the Philippines. The cross- variance transmission analysis highlights that apart from 
Japan where there is a transfer sided variance from the Yen to Nikkei, a bidirectional transmission (variance) is 
detected between the stock market and interest rate changes. In New Zealand, no volatility transmission (in 
variance) between its stock market and crude oil while a bilateral transfer is recorded as part of the Philippines. 
Australia and Japan show a unilateral variance transmission from ASX to crude oil and from the energy to 
Nikkei [B (3, 1) = 32.01%)]. A bidirectional transmission in variance between the Yen and crude oil is stored in 
Japan [B (2, 3) = -90.14% proving the shock’s persistence and B (3, 2) = -17.79%)], New Zealand and the 
Philippines. The Australian Dollar transfers, unilaterally, the volatility in variance to crude oil. But, in Malaysia 
this energy proves its ability to significantly transmit (at the 10% level) volatility (in variance) to Malaysian 
Ringgit [B (3, 2) = 32.03%]. In South America, a bilateral transfer medium is recorded between BOVESPA and 
the Brazilian Real, while in variance, it proves important unilaterally from the latter [B (2, 1) = 63.26%]. In 
Chile, no transmission (in variance) is detected between IPSA and the Peso. But, it turns out that the first 
transmit volatility, in average to the second. The South American stock market and crude oil seem to 
communicate well in that the transmission is bilateral in variance. While transmission in average is detected in 
Brazil, Chile is characterized by a bilateral transfer. In average, transmission’s direction is bidirectional between 
crude oil and the Brazilian Real. But, in variance, only the energy manages to convey volatility. We report taht, 
in average; it concerns only the developed countries. Crude oil and studied exchange rates are characterized by a 
bilateral transmission in variance. The Mexican Peso and crude oil show a two-way transfer of volatility as well 
in average as in variance. Only the Canadian Dollar transmits sharply the volatility, in average and variance, to 
crude oil [A (2, 3) = 73.08% and B (2, 3) = 96.27%]. Western Europe highlights that UK has two-way average 
transmission volatility (in variance) between FTSE 100 and the British Pound. In France, the transfer direction is 
bilateral (in variance) between Euro and CAC 40 while it is unidirectional, in average, from Euro. In Switzerland, 
it is one-sided direction, in average, from the Swiss Franc [A (2, 1) = 79.16%] and, in variance, from the SMI 25 
[B (1, 2) = -55.41%]. A bilateral medium transmission is detected between crude oil and CAC while in variance, 
it proves to be unidirectional from the Euro [B (1, 3) = -95.85%]. Crude oil manages to convey volatility in 
average and variance to Swiss Franc. The FTSE conveys strongly the volatility in average [A (1, 3) = 61.12%] 
and in variance [B (1, 3) = 71.81%] to crude oil. Transmission volatility’s analysis between the exchange rate 
and crude oil in Western Europe reveals that in the UK, this sense is unilateral in variance from the energy while 
it is bidirectional in average. In Switzerland, no average transmission is detected. In variance, this transmission is 
unilaterally from crude oil. In the following table, 1 refers to stock market index, 2 refers to the exchange rate 
and 3 refers to crude oil. *, ** and*** means significant at 1%, 5% and 10% levels respectively. 
 
7.Conclusion 
Knowing the importance of the relationship between stock prices and oil prices in the hand and the relationship 
between oil prices and exchange rates in the other hand, this paper combines these two streams of literature 
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together into one empirical Trivariate BEKK GARCH (1, 1). It is possible to gain a more complete 
understanding of the interactions between crude oil, stock markets and exchange rates in both emerging and 
developed countries. Granger causality test highlights that Western Europe proves the crude oil’s ability to cause 
the foreign exchange market for all countries. The RTSI index Granger causes crude oil which in turn was able 
to estimate the Russian currency. Africa highlights a one-way causality between the stock market and the South 
African Rand. Granger causality test emphasizes that no causality is recorded between the stock market and 
crude oil that causes unilaterally exchange market. Asia Pacific shows that Australia and New Zealand recorded 
a unidirectional causality between the stock market and crude oil on the one hand and energy and the exchange 
market on the other hand. Japan and Philippines are characterized by the lack of causality between crude oil and 
stock indexes and the respective exchange rates but these are caused by their stock indexes respectively. In 
Malaysia, no Granger causality is detected between the stock market and the Malaysian Ringgit. Crude oil 
causes unilaterally exchange market. South America shows that Bovespa, unilaterally, causes as well the 
Brazilian Real as the crude oil. IPSA stock index is caused by the Chilean Peso.  
In emerging countries, variance decomposition analysis shows that the stock market with higher own 
forecast error belongs to Brazil, the lowest to China. On the foreign exchange market, the highest variance is 
recorded in Philippines, the lowest in Brazil. For crude oil, the greatest value is in China and the lowest in Russia. 
For developed ones, the stock market with the highest own forecast error belongs to France; the lowest is 
recorded in Australia. On the foreign exchange market, the highest specific variance is detected at the Swiss 
Franc while the lowest in Canada. For crude oil, the greatest value is in New Zealand and the lowest in Canada. 
In emerging countries, cross volatility coefficient (in average) varies between -0.97 and 0.94. The variance 
fluctuates between -0.96 and 0.89. For developed countries, the coefficient of cross volatility (in average) ranges 
from -98.67% (stock index of New Zealand to crude oil) and 99.94% (Swiss Franc to crude oil). In variance, it 
varies between -97.84% (Swiss Franc to crude oil) and 99.34% (ASX index to crude oil). This study highlights 
the asymmetry of the impact of oil price shocks on both stock markets and exchange rates regardless of 
geographic location considered. 
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Table 3: Granger Causality test  
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Table 4: Variance Decomposition Analysis 
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Table 6: Estimated coefficients for the variance – covariance matrix of Trivariate BEKK model   
 
 
 
